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In this work, we first propose the isovector nD∗0(2400)0 molecular state to explain the enhancement structure
around 3250 MeV (Xc(3250)0) in the Σ++c π−π− invariant mass spectrum newly observed by the BaBar Collab-
oration. Under this molecular state configuration, both the analysis of the mass spectrum and the study of its
dominant decay channel can well depict its resonance parameters measured by BaBar. Our investigation also
shows that the isovector nD∗0(2400)0 molecular state can decay into Σ++c π−π−, which is consistent with the ex-
perimental observation. These studies provide the direct support to the isovector nD∗0(2400)0 molecular state
assignment to Xc(3250)0.
PACS numbers: 14.20.Pt, 14.20.Lq
The BaBar Collaboration recently reported a new enhance-
ment structure in the Σ++c π−π− invariant mass spectrum of the
B− → Σ++c p¯π−π− decay. The mass and width are given by
M = 3245 ± 20 MeV and Γ = 108 ± 6 MeV, respectively
[1]. We will call the new structure as Xc(3250)0 in this work.
In terms of the decay channel observed, we conclude that
Xc(3250)0 is an isotriplet with charm number C = +1. It is an
intriguing research topic to understand this new enhancement
structure observed in the baryonic B decay. In this work, we
propose a novel approach to explain the BaBar’s observation
of Xc(3250)0, which can be naturally explained as a molec-
ular hadron composed of a charmed meson D∗0(2400) and a
nucleon N. In the following, we illustrate why the explana-
tion of the D∗0(2400)N molecular hadron is reasonable for the
observed Xc(3250)0 in detail.
A molecular explanation requires that the mass of the ob-
served state should be below and close to the sum of masses of
its components. The Xc(3250) newly observed by BaBar just
meets this necessary condition because the mass is near the
threshold of D∗0(2400) and N. For the D∗0(2400)N molecular
system, the flavor wave function is written as
I = 1 :

|Xc(3250)0〉 = |D∗0(2400)0n〉
|Xc(3250)+〉 = |D
∗
0(2400)+n〉−|D∗0(2400)0 p〉√
2
|Xc(3250)++〉 = |D∗0(2400)+p〉
, (1)
I = 0 : |Yc(3250)+〉 =
|D∗0(2400)+n〉 + |D∗0(2400)0p〉√
2
, (2)
whose expressions correspond to isotriplet and isosinglet, re-
spectively, where |Xc(3250)0〉 is the flavor wave function of
Xc(3250)0, etc. Under the assignment of the D∗0(2400)N
molecular state, we further deduce the quantum number of
Xc(3250) as I(JP) = 1( 12
+)
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With the neutral Xc(3250)0 as an example, we first carry
out the calculation of the binding energy for the D∗0(2400)N
molecular system. According to the mass values of the
D∗0(2400)0 and neutron n listed in Particle Data Group (PDG)
[2], we can obtain the binding energy of Xc(3250)0 as ∼ −13
MeV, with MD∗0(2400)0 = 2318 MeV and Mn = 940 MeV. Then
we have MD∗0(2400)0 + Mn = 3258 MeV > MΞc(3250). In the fol-
lowing, we will examine whether it is reasonable to explain
Xc(3250)0 as the nD∗0(2400)0 molecular hadron. To deduce
the effective potential between D∗0(2400)0 and n, we adopt the
effective Lagrangian of the light mesons interacting with the
charmed meson D∗0(2400) or nucleon, i.e.,
LmD∗0D∗0 = −i
β′gV√
2
D∗0bD
∗†
0a(2iv · Vba) + 2g′σσD∗0aD∗†0a, (3)
LmNN = −
√
2gVNN ¯Nb
(
γµ +
kσµν
2mN
∂ν
)
Vµ,baNa + gσNN ¯NσN
(4)
with v = (1,0), σµν = i2 (γµγν − γνγµ) and the vector matrix V
V =
 1√2ρ0 + 1√2ω ρ+ρ− − 1√
2
ρ0 + 1√
2
ω
 .
The index m in LmD∗0D∗0 and LmNN denotes the light meson.
The coupling constants involved in this work are given by β′ =
1, g′σ = −0.76 [3, 4], g2ρNN/4π = 0.84, g2ωNN/4π = 20, gV =
mρ/ fπ = 5.8, g2σNN/4π = 5.69 and κ = 6.1(0) for ρ(ω) [5–8],
respectively, where we follow the convention of the signs of
coupling constants in Refs. [6–8]. The mass of the exchanged
sigma is taken as 660 MeV.
The effective potential of Xc(3250)0 in the coordinate space
is given by
VTotal(r) = 12Vρ(r) +
1
2
Vω(r) +Vσ(r) (5)
with VV (r) = −2β′gVNNgV Y(Λ,mV , r) and Vσ(r) =
−2g′σgσNN Y(Λ,mσ, r), where the Y(Λ,m, r) function is de-
fined as
Y(Λ,m, r) = 1
4πr
[
e−mr − e−Λr − Λ
2 − m2
2Λ
re−Λr
]
.
2By solving the Schro¨dinger equation with the effective po-
tential obtained in Eq. (5), the dependence on the cutoff Λ
of the bound state solution for Xc(3250)0 is shown in Fig. 1.
When Λ = 1.23 GeV, the theoretical result of the binding en-
ergy for Xc(3250)0 is consistent with the experimental data
[1]. Usually, in the one-boson exchange model the general
criteria of forming a molecular state is that we can obtain neg-
ative binding energy of this system and the corresponding cut-
off Λ should be around 1 GeV. Thus, by our calculation, we
can conclude that D∗0(2400) and nucleon can form a loosely
bound state with the small binding energy since the adopted
Λ value is close to 1 GeV.
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FIG. 1: (color online). The obtained bound state solution (binding
energy E and root-mean-square rRMS ) of Xc(3250)0 dependent on
cutoff Λ. Here, the blue dashed line corresponds to E = −13 MeV
derived by the mass difference MXc − MD∗0 − Mn. In addition, we also
present the variation of the total effective potential and the subpoten-
tials in Eq. (5) in r.
As shown in Fig. 1, the potential of the D0(2400)0n molec-
ular state is mainly from ρ exchange, where the π exchange
is absent. It is well known that the vector meson exchanges
provide short-range interaction. Usually, the necessary condi-
tion of forming a bound state requires that the mass of the ex-
changed meson is larger than the widths of the components of
this bound state. We notice that the ρ meson mass (mρ = 770
MeV) is larger than the width of D0(2400)0 (Γ ∼ 267 MeV),
which basically satisfies the necessary condition of forming
a molecular state. Considering the above reasons, D0(2400)0
and n can interact with each other before D0(2400)0 decays
into other final states. This is why we still expect to discuss
the molecular configuration to Xc(3250)0 although D0(2400)0
is a very broad meson.
Since the total width of a state is mainly determined by
its dominant decay, studying the dominant decay mode of
Xc(3250)0 provides the important information of its total de-
cay width. What is more important is that this study can be as
a critical test of the nD∗0(2400) molecular state assignment to
Xc(3250)0.
As the nD∗0(2400) molecular state, Xc(3250)0 decays into
D+,0π−,0n. Here, Xc(3250)0 first falls apart into n and
D∗0(2400)0. Then, decays Xc(3250)0 → D+,0π−,0n occur
via the intermediate D∗0(2400)0 as shown in Eq.(6). Since
the branching ratio of D∗0(2400)0 → Dπ is almost 100%,
Xc(3250)0 → D+,0π−,0n is the dominant mode. For this pro-
cess, the differential decay width is written as
dΓ[Xc(3250)0
n
D+,0
pi−,0
D∗00
] = 1
2J + 1
1
2E
(2π)4
∑
λ
|M|2
×δ4

3∑
i=1
qi − P
 d3q1(2π)32e1
d3q2
(2π)32e2
d3q3
(2π)32e3 , (6)
with J = 1/2, where qi(ei) (i = 1, 2, 3) denotes the momentum
(energy) of final states. The decay amplitude M is expressed
as
M = A(Xc(3250)
0 → D∗0n)A(D∗0 → Dπ)
q2 − M2D∗0 + iMD∗0ΓD∗0
, (7)
where AXc(3250) ≡ A(Xc(3250)0 → D∗0n) and AD∗0 ≡ A(D∗0 →
Dπ) describe the interactions Xc(3250)0 → nD∗0(2400)0 and
D∗0(2400)0 → D+,0π−,0, respectively. MD∗0 and ΓD∗0 denote
the mass and width of the charmed meson D∗0(2400)0, re-
spectively. q is the four momentum carried by the off-shell
D∗0(2400)0.
By the convariant spectator theory (CST), we can describe
the collapse of Xc(3250)0 into the on-shell n and the D∗0(2400),
where the vertex function |Γ〉 satisfies the relation
|Γ〉 = VG|Γ〉, (8)
which is obtained by the Gross equation. In Fig. 2, we
present the diagrammatic representation of the Gross equa-
tion for the vertex function Γ. We further obtain the Gross
=Γ ΓV
×
×
×
P/2 + k
P/2− k
P/2 + p
P/2− p
1
2
Xc
n
D∗0
FIG. 2: (Color online.) Diagrammatic representation of the Gross
equation for the vertex function Γ. Here, n and D∗0(2400)0 are marked
by indexes 1 and 2, respectively. × denotes n being on-shell.
equation, which is dependent on three-momentum p as
Γ(p) =
∫ d3k
(2π)3V(p,k,W)G(k,W) Γ(k) (9)
with Γ(p) = ˜Γ(p)uR(W). We use the convention u¯u = 2m
here and hereafter, where we perform the integration over k0.
P = (W,0) denotes the four-momentum of the nD∗0(2400)0
system. p = (p1 − p2)/2 and k = (k1 − k2)/2 are the relative
momenta as depicted in Fig. 2. Just because neutron is on the
3mass shell, one gets k = (k0,k), p = (p0,p), k0 = E1(k)− 12 W,
E1(k) =
√
m21 + k2. V(p,k,W) is the interaction kernel with
neutron on the mass shell. The two-body Green’s function
G(k,W) in Eq. (9) is expressed as
G(k,W) = 1
2E1(k)u
(t)(k)u¯(t)(k) 1
2E2(k)
(
1
E2(k) − E1(k) + W
+
1
E2(k) + E1(k) − W
)
. (10)
The normalization of the vertex Γ(p) requires [9, 10],
1 =
∫ d3 p
(2π)3Γ
†(p) ∂
∂W2
[G(p,W)]Γ(p). (11)
The wave functions for the nD∗0(2400)0 bound state are
ψ+r (p) =
1√
(2π)32W
√
1
2E1(p)2E2(p)
u¯(r)(p) ˜Γ(p)uR(W)
E2(p) + E1(p) − W ,
(12)
ψ−r (p) =
1√
(2π)32W
√
1
2E1(p)2E2(p)
u¯(r)(p) ˜Γ(p)uR(W)
E2(p) − E1(p) + W .
(13)
With the above preparation, the integral equations are writ-
ten as
[E2(p) + E1(p) − W]ψ+r (p)
= −
∫ d3k
(2π)3 [Vrr′(p,k,W)ψ
+
r′(k) + Vrr′ (p,k,W)ψ−r′(k)],
[E2(p) − E1(p) + W]ψ−r (p)
= −
∫ d3k
(2π)3 [Vrr′(p,k,W)ψ
+
r′(k) + Vrr′ (p,k,W)ψ−r′(k)],
where the expression of potential Vrr′(p,k,W) is
Vrr′(p,k,W) = −
√
1
2E1(p)
√
1
2E2(p)
√
1
2E1(k)
√
1
2E2(k)
×u¯(r)(p)V(p,k,W)u(r′)(k). (14)
After taking the nonrelativized approximation [11–13] and
the Fourier transformation, we get the integral equations in the
coordinate space
−
(∇2
µ
+ ǫ
)
ψ+(r) = − [V(r) + V(r)F(r)V(r)]ψ+(r),(15)
ψ−(r) = − [F(r)V(r)]ψ+(r), (16)
where F(r) = [m2 − m1 + W + V(r)]−1 and E1(p) + E2(p) −
W ≈ −ǫ + p2
µ
with the reduced mass µ and the binding energy
ǫ = W − m1 − m2.
For the loosely bound system discussed in this work, it is
reasonable to assume m1,2 ≫ 〈V〉. Then, we have
−
(∇2
µ
+ ǫ
)
ψ+(r) = −V(r)ψ+(r), (17)
ψ−(r) = 0, (18)
where Eq. (17) corresponds to the Schro¨dinger equation. We
need to specify that V(r) is the total effective potential of the
nD∗0(2400) molecular state shown in Eq. (5). Thus, by solving
the Schro¨dinger equation with the deduced effective potential
for the nD∗0(2400) molecular state, we obtain ψ+(r). By the
Fourier transformation, we get the wave function ψ+(p) in the
momentum space
ψ+(p) = 1(2π)3/2
∫
d3re−ip·rψ+(r), (19)
which satisfies the normalization condition
∫
d3 p |ψ+(p)|2 = 1
required by Eq. (11), where p denotes the relative momentum.
With the calculated ψ+(p) and Eq. (12), we obtain the ver-
tex Γ(p), which directly corresponds to AXc(3250) in Eq. (7).
By the CST, the calculated wave function is related to the ver-
tex of the Xc(3250)0 collapse into nD∗0(2400)0. Thus, we find
the relation
AXc(3250)
q2 − M2D∗0 + iMD∗0ΓD∗0
=
√
2W(2π)3
√
2En(q) 2ED∗0(2400)(q) ψ+r (q)
−W + En(q) − ED∗0(2400)(q)
. (20)
In addition, the amplitude AD∗0 reads as
AD∗00 (2400) = i I gπ
√
MD∗00 MD, (21)
where the isospin factor I is taken as 1 and 1/
√
2 for decays
D∗0(2400) → D+π− and D∗0(2400) → D0π0, respectively. The
coupling constant gπ is determined by the decay width (ΓD∗0 =
267 ± 40 MeV [2]), i.e.,
Γ(D∗00 (2400)0 → D+,0π−,0) =
MD+ |p|
8πMD∗0
g2π (22)
with p being the three-momentum of the daughter meson in
the rest frame of the D∗00 (2400) meson, where the Dπ channel
contributes most to the total width of D∗0(2400) [14, 15].
In Table I, for several typical values of Λ we give the de-
cay width of Xc(3250)0 → nDπ, which is the dominant de-
cay mode of Xc(3250)0 but does not strongly dependent on
Λ. We compare the theoretical value of the decay width
Xc(3250)0 → nDπ with the BaBar’s data [1], which shows
that the total width of Xc(3250)0 under the assignment of the
nD∗0(2400)0 molecular state is comparable with the BaBar’s
measurement [1]. The study of the dominant decay channels
of Xc(3250)0 also supports the nD∗0(2400)0 molecular state ex-
planation for the observed Xc(3250)0.
Apart from calculating the dominant decay width of
Xc(3250)0, we also calculate the corresponding line shape of
the pion spectrum of the Xc(3250)0 → nD+π− process with
the help of the CERNLIB program FOWL (see Fig. 3).
Since Xc(3250)0 was observed in the Σ++c π−π− invariant
mass spectrum, in the following analysis we illustrate how
this process can happen under the nD∗0(2400)0 molecular state
assignment. Due to this molecular picture, Xc(3250)0 first dis-
associate into off-shell n and D∗0(2400)0, which then transits
4TABLE I: The decay width of Xc(3250)0 → nDπ dependent on Λ
and the comparison of our result with the BaBar result. Here, we also
calculate the binding energy E and the decay width Γ of Yc(3250)+,
which is the isoscalar D∗0(2400)N molecular state defined in Eq. (2)
as the partner of Xc(3250). Λ, E and Γ are in units of GeV, MeV
and MeV, respectively. The effective potential of Yc(3250)+ can be
easily obtained by replacing the factor in front of Vρ(r) in Eq. (5),
i.e., 1/2 → −3/2.
Xc(3250)0 with I = 1 Yc(3250)+ with I = 0
Λ E Γ Λ E
1.17 -3 121 ± 18 3.30 -3
1.20 -7 111 ± 17 3.60 -6
1.23 -13 105 ± 16 4.20 -14
1.26 -22 100 ± 15 4.80 -23
1.30 -35 92 ± 14 5.70 -35
BaBar [1] -13 108 ± 6 - -
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FIG. 3: (color online). The Dalitz plot analysis and the pion spectrum
for the Xc(3250)0 → nD+π− decay.
into the final states Σ++c π−π− by exchanging the D+ meson
(see Fig. 4 (a)-(b) for more details). Thus, we can naturally
explain why Xc(3250)0 is reported in the Σ++c π−π− invariant
mass spectrum.
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FIG. 4: (color online). The Xc(3250)0 → Σ++c π−π− decay and other
possible decays of Xc(3250)0 .
We also qualitatively discuss other possible decay modes of
Xc(3250)0, which are shown in Fig. 4 with the corresponding
schematic diagrams. Here, the Xc(3250)0 decays into D0n,
D∗0n, Λ+c π−, Λ+c ρ−, Σ+c π−, Σ+c ρ− occur via these triangle dia-
grams listed in Fig. 4 (c)-(h). We notice that these neutrons in
the final states of the Xc(3250)0 → D0n, D∗0n decays are neu-
tral. Thus experimental search for these two decay modes of
Xc(3250)0 is difficult. Besides decaying into D(∗)0n, Xc(3250)0
can decay into a charmed baryon plus a light meson such that
pion and ρ. Searching for Xc(3250)0 by these predicted decay
channels will be an interesting research topic. Due to the sub-
sequent decays Σc → Λc+π and ρ→ 2π, finally the processes
of Xc(3250)0 into Λ+c ρ−, Σ+c π−, Σ+c ρ− are related to these final
states of a Λc baryon plus multipion. Comparing with these
processes, Xc(3250)0 → Λ+c π− is a typical two-body decay.
We suggest experiment to carry out the search for Xc(3250)0
by its Λ+c π− invariant mass spectrum.
If Xc(3250)0 is a D0(2400)0n molecular state, its dominant
decay mode is Dπn. In addition, we also listed its other de-
cay modes (see Fig. 4), which occur via hadronic loop. Thus,
these decay modes are suppressed compared with its Dπn de-
cay. Although Dπn is its dominant decay mode, the final states
of X(3250) → Dπn contain neutral neutron, which makes that
it is difficult to find its Dπn decay mode in experiment. It is the
reason why experimental firstly reported X(3250) in Σ++c π−π−.
In this work we also study the possible existence of the
isoscalar partner of Xc(3250), which is named as Yc(3250)+
whose flavor wave function is given in Eq. (2). We find that
the obtainedΛ value corresponding to its bound state solution
is around 3.3 GeV, which is larger than 1 GeV. Thus, accord-
ing to the criteria (Λ ∼ 1 GeV), we can conclude that it is
impossible to form Yc(3250)+ molecular state.
Now let us draw a brief conclusion. Being stimulated by the
recent observation of an enhancement structure Xc(3250)0 in
the Σ++c π−π− invariant mass spectrum of B− → Σ++c p¯π−π− [1],
we find that Xc(3250)0 can be well explained as the isovec-
tor nD∗0(2400)0 molecular hadron, which is supported by both
the analysis of the mass spectrum and the study of its domi-
nant decay channel. Furthermore, the observed Xc(3250)0 →
Σ+c + π
−π− can be described reasonably under this picture. In
addition, we also mention several other possible decay modes
of Xc(3250)0, which can be studied in future experiments. We
expect the contributions from BaBar, Belle, LHCb, and forth-
coming BelleII, SuperB, which are the ideal places to further
investigate the observed Xc(3250)0 in the B decay.
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